The semi-distributed, conceptual hydrological model HBV was applied to Tamor Nadi in order to estimate runoff at Tapethok, Taplejung, in Eastern Nepal. As there was no discharge data available for this particular location, the model was first calibrated and validated for the bigger, gauged basins at Mulghat and Majithar. However due to its structure HBV shows difficulties in modelling low and high flows correctly at the same time. Therefore two parameter sets were produced: one with focus on the model performance during low flows and the second one, on high flows. Those parameters were then applied to the basin at Tapethok. Generally HBV was able to correctly simulate low flows except for some sharp peaks due to isolated precipitation events. However, pre-monsoon discharge was overestimated while the runoff of the monsoon season were most of the time underestimated. The main reasons for this situation are: (1) HBV generates runoff from one single groundwater reservoir for the entire catchment, leading to sharp peaks with a rapid recession and therefore exaggerated reactions on precipitation during dry season; (2) during pre-monsoon snow and ice melt gain in importance and add to the mentioned problem; (3) due to the simplified representation of storages in the model structure the catchment area drains too quickly.
INtrODUCtION
Nepal is one of the world's richest countries with respect to hydropower potential (Shrestha, 1985) .
With an altitude range of nearly 8800 m the hydraulic gradient is enormous. The development of hydropower contributes to the development of the whole country. The Himalayan head watersheds and their glaciers are the sources of most of Nepal's rivers. Therefore, a reliable assessment of water resources in mountainous head watersheds is important for the development of hydropower potentials as well as for drinking water supply. To harvest Nepal's hydropower potential, homogeneous long term series of precipitation, temperature and discharge are necessary. Due to difficult access and harsh conditions of mountainous regions data gaps are frequent and therefore there is a great need of modelling procedures that can bridge these gaps. Konz et al. (2007) have shown that conceptual distributed or semi-distributed models are useful tools to simulate Himalayan headwaters. In this study we present an application of the conceptual HBV model to estimate discharge of the Tamor Nadi at Tapethok, Taplejung, in Eastern Nepal including necessary pre-processing steps to bridge gaps in the meteorological time series. Furthermore, we show how the semi-distributed model can be used to estimate discharge at points within the catchment but other than the gauging station that has been used for calibration. This regionalization is important for discharge estimates at potential but ungauged hydropower locations. In this study the discharge is estimated for the ungauged Tapethok site ( Figure 1 , marked with 0), a potential intake for a hydropower plant. We calibrated the HBV model to discharge observations further downstream and regionalized the parameters to get discharge predictions at the target location. The aim of this study is to demonstrate the entire modelling procedure and to provide assessments of the simulation results.
StUDY SItE
Tamor Nadi is located in Eastern Nepal and its basin shares borders with China and India. Figure  1 shows the basin's digital elevation model with the different measurement stations within the study basin and its vicinity. Figure 1 ), while the other ones serve for interpolation of missing data at that particular station. The target location for the discharge estimates, Tapethok, is marked with the number 0. 
DAtA AND MEtHODS
For HBV application, temperature and precipitation measurements are required for one station representative for the basin and the station 1405 of Taplejung was used for this study. Temperature and precipitation data are regionalized to the catchment using gradients reflecting the changes of temperature and precipitation with elevation. In addition a digital elevation model is needed to extract altitude and exposition information. Glacier areas are required as the model differentiates between glacierized and non-glacierized parts of the catchment. Finally, measured discharge is required for calibration and validation of the model. Konz et al. (2006) .
prECIpItAtION DAtA
Problems that may arise while working with precipitation data are missing values and heterogeneities. The latter can be identified for example by a double mass analysis; in the case of station 1405 no heterogeneities could be found. Precipitation accumulation may also cause problems, but in our case no accumulated data were identified. Regarding missing data, there are 156 days without precipitation data at station 1405 between 1987 and 2006, which corresponds to 2.13% of the data range. The procedure of extrapolation of the missing daily sums of precipitation is a statistically based method (Konz et al., 2007) . It uses data from reference stations, which are weighted according to (1) the mean ratio of the monthly precipitation between station 1405 and reference station; and (2) the joint occurrence probability of precipitation at both stations for one month.
DISCHArGE
The measured discharges in Majhitar and Mulghat are given in m 3 /s as mean daily value. Some inconsistencies in the recorded discharge data were found especially during low flows, where the discharge curve was suddenly shifted by several m 3 /s. There were data gaps or sudden peaks without physical meaning (according to the meteorological data at disposal and comparisons with the model results). Direct comparison of discharge data at the two hydrological stations revealed that sometimes recorded values in Majhitar were higher than in Mulghat, which makes no sense because Majhitar is located upstream of Mulghat. Inconsistent data were not used during model results analysis, for which only sound data were considered.
tOpOGrApHIC DAtA
The digital elevation model was generated with ArcGIS on the basis of contour lines of the digital topographic maps,by the Survey Department, Ministry of Land Reform and Management of the Government of Nepal in cooperation with the government of Finland. A 50 m x 50 m digital elevation model was generated, from which the information necessary to the model application was derived. Basin areas and characteristics are given in Tables 1 and 2 . 
tHE HbV MODEL

MODEL DESCrIptION
In HBV basins can be discretized in up to 20 userdefined altitude belts, each one subdivided into three orientation classes (North, South, East-West). Additionally this version of the model differentiates between glacierized and non-glacierized areas. HBV consists of the snow, soil and runoff generation routines, whereas the latter is based on linear storage concepts (Figure 2 ). The routines are applied to each HBV class to generate the runoff at the outlet of the basin (for more details about HBV, refer to Konz et al. (2006) and Seibert (2005) ).
SNOW AND GLACIER ROUTINE -HBV applies a temperature-index method (degree-day method) to calculate snow and ice melt, depending on exposition and form of the snowpack. The inputs are daily air temperature and precipitation, which are both adapted to the elevation of the altitude belt using correction factors. HBV differentiates between liquid and solid precipitation based on a threshold temperature, whereas the latter is corrected to account for systematic errors. Finally storage and refreezing of liquid water in the snow cover are estimated. Water is stored in solid form in the snowpack and in liquid form inside the snow cover, so when the water retention capacity is reached, additional water enters the soil routine.
SOIL ROUTINE -In this routine HBV calculates soil moisture storage, infiltration and percolation through the soil as well as actual evapotranspiration. Rainfall and snowmelt are directed partly to the soil moisture storage and partly to the groundwater zone. Infiltrated water leaves the soil routine and goes into the runoff generation routine.
RUNOFF GENERATION ROUTINE -There is one single groundwater storage for the entire basin, which is the basis of the runoff generation routine. Groundwater recharge from the soil routine is directed to an upper groundwater box, from which water can further percolate to a lower box as long as the maximum percolation rate is not reached. Runoff from those two boxes is computed as the sum of two linear reservoir response functions and finally transformed by a triangular weighting function to obtain the simulated discharge. 
MODEL CALIbrAtION
HBV was calibrated on the time period from 01/01/1987 to 31/12/1996 with the discharge data recorded in Mulghat. Firstly automatic Genetic Algorithm Package (GAP) optimization was applied and then manual calibration was done to refine the parameters by "trial and error". In addition
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to the visual inspection of the simulated time series with the observed ones, several objective criteria were used to assess the best parameter set: NashSutcliffe efficiency, logarithmic model efficiency (emphasizes the weighting of low discharges), coefficient of determination, volume error and peak efficiency (Nash-Sutcliffe efficiency calculated only with peak values). The application of HBV to the available data set for the Tamor River does not allow obtaining good low and high flows data with the same parameter set. This is due to the models relatively simple, conceptual structure with one single groundwater storage responsible for the runoff generation. Therefore two different parameter sets were produced during manual calibration with one focusing on low flows and the other one on high flows. Calibration results are shown in Table 3 with the values of the water balance and of the different objective criteria (results obtained with the parameters from the GAP optimization are also shown for comparison). Figure 2 shows one typical example of the simulated and observed runoffs. Generally the timing of the simulated peaks corresponds to the observed ones. During low flows (November -April) the simulated discharge usually fits the measured one quite well, except for the reaction on precipitation events. When rain falls during the dry season, it results in a high and sharp peak of the modelled runoff, while in reality the discharge curve remains much flatter. In the pre-monsoon time (MayJune) the simulated curves are much too high with sharp peaks showing a quick response of the basin on the precipitation event. During the monsoon season (July -October) the baselines and the peaks of the simulated discharges are both too low. Also the calibration focusing on high flows does produce satisfactory results: this parameter set allows for better catching of the peaks, but after this the baseline falls too low. The volume error is in general quite high. Actually this criterion was not much regarded because of the split calibration process (low versus high flows) which suggests that we cannot model the entire year properly. Therefore volume error should be calculated only over high or low flow periods to make more sense.
MODEL VALIDAtION
Validation was done with the parameter sets with focus on high flows and focus on low flows, as well as with the parameter set from the GAP optimization for comparison. The shape of the discharge curves in Mulghat is similar to the one obtained during the calibration process. Also in Majhitar the situation is the same, even if the high flow season seems to be slightly better modelled than in Mulghat. Finally in Tapethok the simulated discharge is too high all around the year, especially during pre-monsoon and monsoon with sharp, high peaks. However it is difficult to get an objective evaluation of those results as there are no measurements there and "observed" discharge values were actually extrapolated. The discharge values given in Table  4 hereafter must therefore be considered as rough estimations. Minimum daily value 9.3 9.6
DISCUSSION
Simulation of the baseflow is relatively good in Mulghat and Majhitar. During winter, runoff is generated mainly from groundwater, with additional contribution of snow and ice melt on warmer days. The exaggerated reaction of the simulated runoff to the few rainfall events may have different reasons: Possibly the input precipitation data are less representative of the situation in the dry season. In winter precipitation events are spatially more limited. Therefore applying a single observation may be a too rough assumption for such a big study area. The peaks are not only too high, but also very sharp. It may be a sign for a too rapid response of the model, due to the fact that HBV generates runoff from one single groundwater reservoir for the entire catchment. In the premonsoon snow and ice melt gain in importance and add to the problems that already existed for precipitation events during low flows. Sharp peaks and rapid recession after precipitation events in the monsoon season are a typical storage problems, due to the limited possibilities of adequate simulation with only one storage for the entire basin. The catchment area drains too quickly. Possibly the different storages (snow, soil, groundwater) were dimensioned too small. In the smaller ungauged Tapethok catchment the basin characteristics are different from Mulghat, with a much higher percentage of glacierized areas and areas on high altitudes. Therefore some errors that may result from the calibration in Mulghat are emphasized in Tapethok. This argumentation can also be supported by the fact that peaks are underestimated in Mulghat, better caught in Majhitar and finally overestimated in Tapethok. It seems that the parameter set resulting from the calibration in Mulghat cannot just be applied to the smaller basins. Efficiency for different periods vary a lot. Sometimes the efficiency is even negative. This is partly due to missing discharge observations or inconsistent measurements. Here the modelling results provide good information to assess the observations.
CoNClUSioN
Application of HBV model to the Tamor basin resulted in a good simulation of low flows. However, pre-monsoon and monsoon periods exhibit short comings in the model performance.
The HBV model is a conceptual model with a semi distributed spatial resolution. This is efficient in terms of computation time and enables a detailed parameter study; however spatial information and water storage distributions cannot be considered. The simulated runoff data at Tapethok are therefore considered to be reliable for low flows. Peak flow simulations require additional efforts and more complex models should be tested in order to improve discharge simulations. To obtain more reliable results, application of a distributed model to the study area is recommended and will be done in a follow up study. Internal model consistency can be checked and improved by multi-criteria calibration, which strongly enhances the model results. Remotely sensed data like MODIS snow cover products can be used to calibrate the models in data scarce regions submitted to IAHS). Moreover gathering of additional hydrological and meteorological data in the basin would support the process of ameliorating the simulation results.
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